Abstract-Valsartan administration at bedtime as opposed to on wakening improves the sleep time-relative blood pressure decline toward a more dipper pattern without loss in 24-hour efficacy. Yet to be determined is whether this administration time-dependent efficacy is a class-related feature, characteristic of all angiotensin receptor blockers or specific only to valsartan. Terminal half-life is a major difference between angiotensin receptor blockers, being largest (Ϸ24 hours) for telmisartan. This trial investigated the administration time-dependent antihypertensive efficacy of telmisartan. We studied 215 patients with hypertension (114 men and 101 women), 46.4Ϯ12.0 years of age, randomly assigned to receive telmisartan (80 mg/d) as a monotherapy either on awakening or at bedtime. Blood pressure was measured for 48 hours before and after 12 weeks of treatment. The significant blood pressure reduction after treatment was similar for both groups. Bedtime administration of telmisartan, however, was more efficient than morning dosing in reducing the nocturnal blood pressure mean. The sleep time-relative blood pressure decline was slightly reduced after telmisartan on awakening but significantly increased with bedtime dosing, thus reducing the prevalence of nondipping from baseline by 76%. Telmisartan administered at bedtime, as opposed to morning dosing, improved the sleep time-relative blood pressure decline toward a more dipper pattern without loss in 24-hour efficacy. Nocturnal BP regulation is significantly better achieved with bedtime dosing of telmisartan. Results from this prospective trial suggest that these beneficial features of bedtime dosing may be class related for angiotensin receptor blockers. These results should be taken into account when prescribing this class of antihypertensive medication for treatment of essential hypertension. Key Words: telmisartan Ⅲ essential hypertension Ⅲ ambulatory blood pressure monitoring Ⅲ circadian rhythm Ⅲ chronotherapy Ⅲ dipper Ⅲ nondipper Ⅲ angiotensin receptor blockers A ngiotensin II receptor blockers (ARBs) are antihypertensive medications that selectively and specifically antagonize the action of angiotensin II, a potent vasoconstrictor that exerts a wide variety of physiological effects on blood pressure (BP) and its regulation. ARBs are becoming more popular for the treatment of hypertension because they are effective and very well tolerated. 1, 2 Telmisartan is an ARB highly selective for the AT 1 receptor. 3 Previous studies using ambulatory BP monitoring (ABPM) established that, at the recommended oncedaily dose of 40 to 80 mg, telmisartan remains effective for an entire 24 hours without alteration of the day-night BP pattern. 4 Previously, we compared the antihypertensive efficacy of the ARB valsartan when ingested by subjects with hypertension for 3 months as a monotherapy, either in the morning after awakening from nighttime sleep or at bedtime before the commencement of the nocturnal sleep span. Significant BP reduction was achieved throughout the entire 24 hours, independent of the treatment time. 5 However, valsartan administration at bedtime as opposed to on wakening resulted in an improved sleep time-relative BP decline (or diurnal/nocturnal BP ratio), a greater efficacy in decreasing nocturnal BP, and a significant increase in the percentage of patients with controlled BP after treatment. [5] [6] [7] These results may be particularly relevant, because independent prospective studies have concluded that nighttime BP is a better predictor of cardiovascular outcome than the diurnal or the 24-hour means of BP. 8 -10 Yet to be determined is whether this administration time-dependent efficacy is a class-related feature, characteristic of all ARBs, or specific only to valsartan, a drug with a peak effect 4 to 6 hours after morning dosing. Terminal half-life is a major difference between ARBs, 11 being largest (Ϸ24 hours) for telmisartan. Accordingly, this prospective trial was designed to compare, using BP data collected by 48-hour ABPM, the antihypertensive efficacy of the ARB telmisartan ingested as a monotherapy when ingested either in the morning after awakening from
A ngiotensin II receptor blockers (ARBs) are antihypertensive medications that selectively and specifically antagonize the action of angiotensin II, a potent vasoconstrictor that exerts a wide variety of physiological effects on blood pressure (BP) and its regulation. ARBs are becoming more popular for the treatment of hypertension because they are effective and very well tolerated. 1, 2 Telmisartan is an ARB highly selective for the AT 1 receptor. 3 Previous studies using ambulatory BP monitoring (ABPM) established that, at the recommended oncedaily dose of 40 to 80 mg, telmisartan remains effective for an entire 24 hours without alteration of the day-night BP pattern. 4 Previously, we compared the antihypertensive efficacy of the ARB valsartan when ingested by subjects with hypertension for 3 months as a monotherapy, either in the morning after awakening from nighttime sleep or at bedtime before the commencement of the nocturnal sleep span. Significant BP reduction was achieved throughout the entire 24 hours, independent of the treatment time. 5 However, valsartan administration at bedtime as opposed to on wakening resulted in an improved sleep time-relative BP decline (or diurnal/nocturnal BP ratio), a greater efficacy in decreasing nocturnal BP, and a significant increase in the percentage of patients with controlled BP after treatment. [5] [6] [7] These results may be particularly relevant, because independent prospective studies have concluded that nighttime BP is a better predictor of cardiovascular outcome than the diurnal or the 24-hour means of BP. 8 -10 Yet to be determined is whether this administration time-dependent efficacy is a class-related feature, characteristic of all ARBs, or specific only to valsartan, a drug with a peak effect 4 to 6 hours after morning dosing. Terminal half-life is a major difference between ARBs, 11 being largest (Ϸ24 hours) for telmisartan. Accordingly, this prospective trial was designed to compare, using BP data collected by 48-hour ABPM, the antihypertensive efficacy of the ARB telmisartan ingested as a monotherapy when ingested either in the morning after awakening from nighttime sleep or at bedtime for a 3-month span in patients with essential hypertension.
Methods

Subjects
This prospective trial was conducted at the Hospital Clínico Universitario, Santiago de Compostela, Spain, between January 2005 and October 2006. Shift workers, heavy drinkers (alcohol intake Ͼ80 g/d), heavy smokers (Ͼ20 cigarettes per day), and heavy exercisers were excluded, as were individuals with either severe arterial hypertension (grade 3, eg, BP Ն180/110 mm Hg), type 1 diabetes, or secondary arterial hypertension and cardiovascular disorders, including concomitant unstable angina pectoris, heart failure, stroke, life-threatening arrhythmia, nephropathy, and retinopathy or previous (within the last year) myocardial infarction or coronary revascularization as revealed by thorough clinical evaluation according to the standardized protocol at the hypertension unit of the hospital. Inclusion criteria required age Ն18 years and a diagnosis of grade 1 or 2 essential hypertension using the criteria of the European Society of Hypertension-European Society of Cardiology guidelines, 2 based on repeated conventional BP measurements (systolic BP [SBP] between 140 and 179 mm Hg and/or diastolic BP [DBP] between 90 and 109 mm Hg), and corroboration by ABPM at the time of recruitment. A positive diagnosis of hypertension based on ABPM required that either the diurnal (awake) mean be Ͼ135/85 mm Hg for SBP/DBP or the nocturnal (sleep time) mean be Ͼ120/70 mm Hg. 12, 13 The sample size for this trial was calculated as follows: assuming a standard deviation of 9 mm Hg for ABPM, with 105 subjects per arm, the study could have 90% power to show as significant at the 95% level differences in efficacy of 4 mm Hg in daytime or nighttime BP mean between treatment groups. During the inclusion period, we screened 262 diurnally active patients and identified 231 who met the inclusion/exclusion criteria. Among these, 215 (114 men and 101 women), 46.4Ϯ12.0 years of age, completed the study and provided all of the required information for this trial.
After providing informed consent to participate in this prospective, randomized, open-label, blinded end point, parallel-group chronotherapy trial, patients were randomly assigned to 1 of 2 groups according to the time of day, either in the morning on awakening from nighttime sleep or at bedtime at night, of ingestion of the single daily tablet of telmisartan (80 mg/d, the highest recommended dose in Spain) for 12 weeks. The demographic characteristics of the 2 groups of participants (at baseline and after the 12 weeks of treatment) are described in Table 1 . One member of the research team, according to the order of recruitment, following an allocation table constructed by a computerized random-number generator, assigned the subjects to treatment groups. The assignment of subjects to the respective treatment groups was blinded from the research team members performing the statistical analysis of the data. Compliance was evaluated on the basis of tablet count and a personal interview with each volunteer at the final visit. The State Ethics Committee of Clinical Research approved this trial, part of the prospective Monitorización Ambulatoria de Presión arterial y Eventos Cardiovasculares Study (www.clinicaltrials.gov, code NCT00295542) designed to investigate whether normalizing the circadian BP profile toward a more dipper pattern by time-specified treatment reduces cardiovascular risk.
Blood samples were obtained in the clinic from the antecubital vein after nocturnal fasting between 8:00 AM and 9:00 AM on the same days when 48-hour ABPM was initiated, both immediately before and after 12 weeks of treatment. Clinic BP measurements (6 per study visit after being seated for Ն5 minutes, on the same day just before starting ABPM) were always obtained by the same investigator with a validated automatic oscillometric device (HEM-737, Omron Health Care Inc). 14 
ABPM Assessment
The SBP, DBP, and heart rate (HR) of each participant were automatically measured every 20 minutes from 7 AM to 11 PM and every 30 minutes during the night for 48 consecutive hours with a properly calibrated SpaceLabs 90207 device (SpaceLabs Inc). Subjects were studied by ABPM under baseline conditions and again after 12 weeks of the timed therapy. Participants were instructed to go about their usual activities with minimal restrictions but to follow a similar schedule during the 2 days of ABPM and to avoid daytime napping. No one was hospitalized during monitoring. ABPM always began between 10 AM and 12 PM. BP series were not considered valid for analysis if Ͼ30% of the measurements were lacking, if they had missing data for Ͼ2-hour spans, or if data were collected from subjects while experiencing an irregular rest-activity schedule or a nighttime sleep span Ͻ6 hours or Ͼ12 hours during monitoring. Protocol-correct data series were collected from 215 subjects and, therefore, are included in this efficacy study. Baseline BP profiles of 16 additional subjects (10 originally assigned to telmisartan on awakening and 6 to telmisartan at bedtime) were eliminated, because the subjects from which they were derived either failed to return for the second ABPM after 12 weeks of intervention (11 subjects) or because they were withdrawn from the trial because of adverse effects (4 on awakening dosing and 1 on bedtime dosing).
Actigraphy
Every participant wore a Mini-Motion-Logger Actigraph (Ambulatory Monitoring Inc) on the dominant wrist to monitor physical activity every minute of the day and night throughout each 48-hour ABPM session. This compact (about half the size of a wristwatch) device functions as an accelerometer. The internal clock of the Actigraph and the ABPM devices were synchronized through their respective interfaces by the same computer. The actigraphy data were used to determine the onset and offset times of diurnal activity and nocturnal sleep so as to accurately determine the diurnal and nocturnal BP means of each subject. The mean activity for the 5 minutes before each BP reading was then calculated for further statistical analysis of the circadian variability of activity level following previously established procedures. 15, 16 
Statistical Methods
Each individual's clock hour BP and HR values were first referenced to hours after awakening from nocturnal sleep, based on the data obtained by wrist actigraphy. This transformation avoided the introduction of bias because of slight differences among subjects in their sleep/activity routine. 15 BP and HR time series were then edited according to conventional criteria to remove measurement errors and outliers. 17 Thus, readings with SBP Ͼ250 or Ͻ70 mm Hg, DBP Ͼ150 or Ͻ40 mm Hg, and pulse pressure (difference between SBP and DBP) Ͼ150 or Ͻ20 mm Hg were automatically discarded. For descriptive purposes, the circadian rhythm of BP, HR, and wrist activity before and after treatment was objectively assessed by population multiple-component analysis, 18 a method applicable to nonsinusoidal-shaped hybrid time series data (time series of data collected from a group of subjects) consisting of values distributed at equal or unequal intervals.
The circadian rhythm parameters of midline estimating statistic of rhythm (average value of the rhythmic function fitted to the data) and overall amplitude (one half of the difference between the maximum and the minimum values of the best fitted curve) obtained for each timed therapy group at baseline and after treatment were compared using a paired nonparametric test developed to assess differences in parameters derived from population multiple-component analysis. 19 Hourly BP means obtained before and after treatment were compared by t test corrected for multiple testing by means of the Holm procedure. 20 The daily (24-hour), diurnal (active-span), and nocturnal (restingspan) means of BP were further compared among groups by ANOVA. The demographic and clinical characteristics in Table 1 were compared among groups by ANOVA (quantitative variables) or nonparametric 2 test. Comparisons within each treatment group for each variable included in Table 1 measured before and after intervention were performed by paired t test.
Results
Demographic Characteristics and Analytical Parameters
The baseline physical characteristics of the 2 treatment-time groups of subjects (Table 1) were similar, and they remained unchanged after treatment. Clinic BP measurements (average of the 6 conventional morning measurements obtained just before ABPM), including pulse pressure, were significantly reduced after treatment (14.3/8.4 mm Hg in SBP/DBP after morning dosing; 12.2/6.9 mm Hg after bedtime treatment; PϽ0.001 from baseline; PϾ0.067 between groups). Clinic HR was also slightly but significantly reduced after treatment, mainly in the group receiving telmisartan at bedtime ( Table  1) . The serum values of glucose, creatinine, cholesterol, triglycerides, and the other laboratory chemistry variables of the 2 treatment groups were comparable at baseline and were not significantly changed after treatment (Table 1) .
Telmisartan on Awakening
Figure 1 (left) shows the circadian rhythm of SBP and DBP measured by 48-hour ABPM before and after 12 weeks of telmisartan on awakening in the morning. The dark shading along the lower horizontal axis of the graphs represents the average hours of nocturnal sleep across the patients. Results did not vary between the 2 consecutive days of sampling. Therefore, we decided to pool the BP data over an idealized single 24-hour profile to simplify the graphic display of the results. Three-month morning telmisartan treatment resulted in a statistically significant reduction of the 24-hour mean BP from baseline (decrease of 10.5/ 7.9 mm Hg of SBP/DBP; PϽ0.001; Table 2 ). After treat- ment, 49.5% of the subjects in this group showed controlled values of ABPM, ie, values below the diagnostic thresholds mentioned above. 12, 13 The circadian amplitude of BP was slightly but significantly reduced after treatment (Figure 1, left) . Thus, the effects of treatment were greater on the diurnal than on the nocturnal mean of BP when telmisartan was ingested on awakening ( Figure 2 and Table 2 ). Morning telmisartan treatment exerted no effect on the 24-hour mean HR (decrease of 0.5 bpm; Pϭ0.354; Table 2 ). The circadian pattern of physical activity monitored before and after 3 months of treatment also remained unchanged (Pϭ0.213 for comparison of 24-hour mean activity before and after treatment). The average duration of nocturnal rest was not statistically different for the profiles obtained before and after treatment (Pϭ0.469; Table 2 ).
Telmisartan at Bedtime
The right panels in Figure 1 show the 24-hour pattern of SBP and DBP before and after bedtime telmisartan ingestion. This timed treatment resulted in significant reduction in the 24-hour mean of SBP/DBP from baseline, by 11.7/8.3 mm Hg (PϽ0.001; Table 2 ). In keeping with the ABPM criteria mentioned above, 64.8% of the patients in this group evidenced controlled BP after treatment. Despite the significant effect on BP, HR remained unchanged after treatment (decrease of 0.5 bpm in the 24-hour mean of HR; Pϭ0.644). The circadian pattern of activity was also similar before and after therapy (Pϭ0.703). The average duration of nocturnal rest was comparable for the profiles obtained before and after intervention (Pϭ0.082; Table 2 ). The BP reduction after treatment was statistically significant (PϽ0.001 after correcting for multiple testing) in all of the 24-hour intervals, as shown by the asterisks above the lower horizontal axis in the right panels of Figure 1 . The circadian amplitude of BP was significantly increased after treatment (PϽ0.018; Figure 1) , corroborating that the effects of treatment were greater on the nocturnal than on the diurnal mean of BP when telmisartan was ingested at bedtime ( Figure 2 and Table 2 ). 
Comparison in Efficacy Between Treatment Groups
Comparison of the results shown in Figure 1 reveals a lack of statistically significant differences in ambulatory BP at baseline among the treatment-time groups (Pϭ0.747 for comparison of 24-hour mean SBP and Pϭ0.213 for comparison of 24-hour mean DBP; Table 2 ). After 12 weeks of timed treatment, the 24-hour mean BP was also similar for both Data in parenthesis are P values from comparison with values before treatment. The diurnal/nocturnal ratio, an index of BP dipping, is defined as the percentage decline in BP during the hours of nocturnal rest relative to the mean BP obtained during the hours of diurnal activity and calculated as the ͓(awake BP meanϪsleep time BP mean)/awake BP mean͔ϫ100. The morning BP surge is defined as the difference between the average BP during the first 2 hours after awakening and the hourly average centered on the lowest nighttime BP reading. Nondippers are patients with diurnal/nocturnal SBP ratio Ͻ10%, using data sampled by ABPM for 48 consecutive hours.
*All of the values are shown as meanϮSD.
treatment-time groups (Pϭ0.629 for SBP; Pϭ0.069 for DBP; Table 2 ); thus, the efficacy of telmisartan on the 24-hour BP mean was comparable independent of the time of treatment. Figure 2 provides additional information regarding the comparison of changes in the diurnal (ie, specific to the daytime activity span as determined by wrist actigraphy), nocturnal (ie, specific to the sleep span as determined by actigraphy), and 24-hour mean BP values after 12 weeks of 80 mg/d telmisartan treatment. Results, as a complement to those shown in Figure 1 , reveal the significant differences among the treatment-time groups in the effect of telmisartan on BP, specifically, a greater efficacy after bedtime dosing in regulating nighttime BP.
These differing effects on nocturnal BP are reflected in changes in the sleep time-relative BP decline or diurnal/ nocturnal BP ratio (an index of BP dipping 21 ), defined as the percentage of decline in BP during the hours of nocturnal rest relative to the mean BP obtained during the hours of diurnal activity (Table 2 ). Figure 3 shows a significant increase in the diurnal/nocturnal BP ratio when telmisartan was consistently ingested at bedtime and a decrease when the drug was ingested on awakening (PϽ0.001 between treatment groups). The number of patients with a nondipper BP pattern at baseline was unaltered after ingestion of the 80 mg/d telmisartan dose on awakening, but nondipping was significantly reduced from 34% to 8% when the same dose was ingested at bedtime (PϽ0.001; Table 2 ).
Other parameters derived from ABPM have also been related to cardiovascular risk. For example, the morning BP rate of rise coincident with the commencement of diurnal activity has been verified to be an independent risk factor of stroke in older Japanese patients with hypertension. 22 Accordingly, we also tested the potential administration timedependent effects of telmisartan on the morning BP surge, calculated as the difference between the average BP during the first 2 hours after wake-up time and the hourly average centered on the lowest nighttime BP reading. 22 The morning BP surge was slightly but not significantly decreased after telmisartan on awakening (2.0/1.5 mm Hg for SBP/DBP; PϾ0.101). When telmisartan was taken at bedtime, there was also no change in the morning surge (increase of 0.4/ 0.6 mm Hg for SBP/DBP; PϾ0.370). There were no differences in morning BP surge between timed-treatment groups either before or after treatment (Table 2) .
Discussion
A number of previous publications revised elsewhere 23, 24 have documented morning-evening dosing time differences in the pharmacokinetics and/or pharmacodynamics of several different classes of BP-lowering medications, including calcium channel blockers, angiotensin-converting enzyme inhibitors, ␣-blockers, and ␤-blockers. We also found that the once-daily evening, in comparison to morning, ingestion schedule of the ARB valsartan significantly improved the sleep time-relative BP decline, 5 especially in nondipper hypertensive subjects, 6 thus markedly modifying the circadian pattern of BP variation. This circadian variation is influenced, among many other factors, by the autonomic nervous system tone, vasoactive hormones, and hematologic and renal variables. 25 A prominent circadian variation has been demonstrated for plasma renin activity, angiotensinconverting enzyme inhibitors, angiotensin II, aldosterone, atrial natriuretic peptide, and catecholamines, 26 all reflecting the marked circadian structure of the renin-angiotensin-aldo- sterone system. Possibly related to the circadian variation that characterizes the renin-angiotensin-aldosterone system, activated during the nocturnal sleep time cycle, clinical studies demonstrated different effects of the angiotensin-converting enzyme inhibitors benazepril, enalapril, imidapril, perindopril, quinapril, ramipril, spirapril, and trandolapril when dosed in the morning versus the evening. 23, 24 In all cases, evening administration of these medications resulted in a higher effect on nocturnal BP and a significant modification of the circadian BP profile toward a more dipper pattern. 24 Thus, we hypothesized that the administration timedependent effects of valsartan on BP 5 might also be somehow related to the circadian variation in the renin-angiotensin-aldosterone system and not just a consequence of a relatively low terminal half-life. Accordingly, we tested a potential similar dosing time difference in the effects of the ARB telmisartan.
Results of this randomized prospective trial indicate that 80 mg/d of telmisartan efficiently reduces BP for the entire 24 hours whether the once-daily ingestion is consistently in the morning on awakening from nighttime sleep or at bedtime at night (Figure 1 ). Telmisartan dosing on awakening and at bedtime similarly reduced BP during the 24 hours ( Figure 2) ; however, telmisartan when administered at bedtime was especially efficient in reducing nocturnal BP and, thus, significantly increasing the sleep time-relative decline of BP (Figure 3 ). After 12 weeks of treatment, the number of controlled patients (in keeping with ABPM criteria) was significantly greater with bedtime than morning treatment (Pϭ0.023). Moreover, the number of patients with a nondipper BP pattern at baseline was unaltered after ingestion of telmisartan on awakening but significantly reduced when the medication was ingested at bedtime (PϽ0.001; Table 2 ). This may be clinically relevant because, although the mechanism underlying the lack of nocturnal decline in BP is unclear, nondipping has been related to an increase in end-organ injury and cardiovascular events. 8, 27, 28 Moreover, nighttime BP seems to be a better predictor of cardiovascular mortality than the diurnal or 24-hour BP means. 8, 9, 10 International guidelines for the treatment of hypertension recommend the use of long-acting, once-daily medications that exhibit 24-hour efficacy; they improve adherence to therapy and minimize BP variability with smoother and more consistent BP control. 1,2 Telmisartan has been approved for once-daily dosing but without specification of treatment time. Use of a medication with a high homogeneous efficacy, such as telmisartan administered on awakening, is unlikely to affect the circadian profile of BP and may be the best choice for the treatment of dipper hypertensive patients. However, it may not be the best time to treat nondipper hypertensive subjects. Results of this study indicate that a single daily 80-mg/d dose of telmisartan in the morning reduces BP smoothly over the entire 24 hours. The same dose of telmisartan taken before bedtime, however, improves BP control during the nocturnal resting hours without any loss in 24-hour efficacy and increases the sleep time-relative BP decline, thus significantly reducing the prevalence of the nondipping BP pattern, whereas also increasing the proportion of controlled patients after 3 months of this monotherapy. These results, similar to those documented previously for valsartan, 5 suggest that these administration time-dependent effects may be class-related features applicable to all ARBs, an issue that may need further investigation.
The potential reduction in cardiovascular risk associated with the normalization of the circadian variability of BP (converting a nondipper to dipper pattern) has not yet been clearly established. Apart from the Syst-Eur trial, where nitrendipine was dosed at bedtime, 8 results from the Heart Outcomes Prevention Evaluation substudy where patients were evaluated by ABPM indicated a significant BP reduction mainly during hours of nighttime sleep. 29 The authors suggested that the beneficial effects on cardiovascular morbidity and mortality in the Heart Outcomes Prevention Evaluation Study may be related to the 8% increase in the sleep time-relative BP decline seen after ramipril was administered at bedtime. On the other hand, we demonstrated recently that urinary albumin excretion was significantly reduced after bedtime, but not morning, treatment with valsartan. 30 This reduction was independent of the 24-hour BP decrease after treatment but highly correlated with the decrease in the nocturnal mean of BP and, mainly, with the increase in sleep time-relative BP decline associated to bedtime administration of valsartan. 30 Moreover, plasma fibrinogen has also been significantly reduced after bedtime treatment with valsartan in direct correlation with the increasing sleep time-relative BP decline resulting from the conversion of nondippers into dippers. 6, 7 Common to all of the previous trials demonstrating the increased cardiovascular risk in nondippers as compared with dipper patients 8, 21, 27, 28 is that the prognostic significance of ABPM has relied on a single baseline profile from each participant, without accounting for possible changes in the BP pattern, mainly associated with antihypertensive therapy and aging during follow-up. Along these lines, the Monitorización Ambulatoria de Presión arterial y Eventos Cardiovasculares Study was designed to investigate whether normalizing the circadian BP profile toward a more dipper pattern by chronotherapy reduces cardiovascular risk. 31 Recent preliminary findings from this prospective trial indicate that the probability of cardiovascular (stroke and myocardial infarction) event-free survival is strongly correlated with the sleep time-relative BP decline. 31 Most important, results suggest that an increase in this parameter toward a more dipper pattern is associated with a decrease in cardiovascular risk, whereas a decrease in the nocturnal BP decline is associated with an increase in morbidity and mortality. In light of these collective findings, evaluation of the potential decrease in cardiovascular risk from the proper modeling of the circadian BP profile by the timed administration of antihypertensive medication, beyond reduction of BP levels, deserves further prospective investigation.
Perspectives
The results of this ingestion time study on subjects with grade 1 or 2 essential hypertension randomly assigned to receive the 80-mg daily dose of telmisartan either on awakening or at bedtime demonstrate a normalization of the circadian BP profile toward a more dipper pattern only when telmisartan is administered at bedtime. Results raise the possibility that the dosing time of telmisartan should be chosen in relation to the baseline dipper status of each patient to improve therapeutic benefit and to increase BP control, as defined by an adequate reduction in both diurnal and nocturnal means of BP. Whether converting a nondipper to dipper pattern with bedtime administration of telmisartan could also reduce cardiovascular risk is a hypothesis that merits investigation.
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